1. Introduction
===============

Mortality is one of the most important outcome of burn care, and many studies have tried to predict it.^\[[@R1]--[@R4]\]^ In recent years there has been a reduction from 54%--100% to 4%--6%,^\[[@R4]--[@R6]\]^ and this is usually attributed to improvements in the quality of care.^\[[@R7],[@R8]\]^ However, the association between the resources needed for these improvements and the decreased mortality have not been clarified.

The first improvement was in the early 1940s when resuscitation was helped by infusions, accessibility to blood banks, and antibiotics.^\[[@R7]\]^ Other influential factors were the introduction of intensive care and increased insight into the pathophysiology of burns.^\[[@R9]\]^ The investment in the development of more reliable dressings also helped to improve outcome.^\[[@R4],[@R8]\]^

A few reports have shown that costs can be reduced without adverse effects on care.^\[[@R10]\]^ To improve outcome without increasing resources is, however, difficult. We know of no previous studies that have investigated how improved survival is affected by use of resources in the care of burns.

It is difficult to estimate what resources are required. One way is to use recorded workload or intervention scores.^\[[@R11]\]^ The Linköping burn interventional score^\[[@R12]\]^ has been validated and has been used to calculate the cost of each burned patient since 1993. We hypothesized that the total costs will increase in parallel to the improvement of mortality rates. Our aim was to examine whether total costs/patient (measured as adjusted interventional burn score) increased during the years 2000 to 2015 in parallel with survival.

2. Patients and methods
=======================

All patients admitted to Linköping University Hospital Burn Centre between January 1, 2000 and October 31, 2015 were included in the study. The time period was divided into 2: early (2000--2007) and later (2008--2015). We analyzed data from the prospectively maintained burn registry, in which the nursing staff enter all patients' data daily (the Burn Unit Database).^\[[@R12]\]^ An approval of data handling and publishing has been obtained by the regional ethical committee.

Patients were treated according to a protocol that included early excision and grafting,^\[[@R12]\]^ revision of the wound every second day, standard ventilation,^\[[@R13],[@R14]\]^ fluid management,^\[[@R15]\]^ and early enteral nutrition. All burned patients who required intensive care were managed by both the intensive care physicians and the plastic surgeons daily. All infected wounds were followed up weekly or more often by an infection consultant together with the attending surgeon who planned antibiotic treatment.

Minor burns were treated by early tangential excision and covered with meshed split thickness skin grafts. Major burns had staged excisions and were covered with xenografts to allow clear demarcation of the wound bed, followed by later autografting.^\[[@R16]--[@R18]\]^

The burn score was calculated daily based on recordings of the following: surveillance, respiration, circulation, wound care, mobilization, results of laboratory tests, infusions, and operations.^\[[@R12]\]^ Each of the variables were given a score from 0 to 4 except for the operation, which was calculated based on the duration of operation and type of dressing, where 1 hour  =  2 points (Supplemental file 1). The hospital charging bill was based on the cumulative burn score, which was the sum of the total daily burn scores for the patient during the whole admission. Mortality was defined as death during the admission at the burn center.

2.1. Data analysis and statistics
---------------------------------

Data were analyzed with the help of STATA (STATA V.12.0, Stata Corp. LP, TX), and presented as median (10--90 centiles) unless otherwise stated. The significance of differences between variables was assessed with the aid of the Mann--Whitney *U* test and the *χ*^2^ test. Multivariable logistic regression was used to assess the significance of changes in risk-adjusted mortality over time with adjustment for total body surface area% (TBSA%), age, and sex. Changes of the adjusted interventional burn score over time were analyzed using multivariable regression analysis with adjustment for TBSA%, age, sex, cause of burn, mortality, satellite referral (those who were referred from outside the catchment area for the Department of Plastic Surgery, Hand Surgery, and Burns), and duration of stay. Probabilities of less than 0.05 were accepted as significant.

3. Results
==========

A total of 1363 patients were included. There was a 37% (213) increase in the number of total admission in the late period, however most of them had TBSA burns less than 20% (Fig. [1](#F1){ref-type="fig"}, Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}).
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###### 

Details of patients and scores.
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###### 

Baux score and survival rate in the 2 time periods grouped by TBSA%.
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As patients with TBSA% of less than 20% were responsible for most of the increase in admissions in the late period, median TBSA% declined from 7% in the early period to 6.1% in the late period while crude mortality dropped by more than 50%.

Satellite referral increased from one third of the total admissions in the early period to more than half the admissions in the later period. Unadjusted median burn scores for each day of admission did not differ between the 2 periods (Table [1](#T1){ref-type="table"}).

The median cumulative burn score did not change---it was 27 (6--293) among the survivors in the early period and 22 (7--86) in the later period (*P*  =  .08). When we analyzed TBSA% separately in groups, the only significant difference was among the survivors with the smallest burns, among whom the increase was 7 burn score points/patient. Although the burn scores were higher in the later period among the survivors with the biggest burns, they did not differ significantly (Table [3](#T3){ref-type="table"}).

###### 

Median cumulative burn score among survivors and non survivors grouped by TBSA%.
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Regression analysis showed that risk-adjusted mortality was reduced during the later period. The odds ratio was decreased with 0.58 compared with the early period (Table [4](#T4){ref-type="table"}). Table [5](#T5){ref-type="table"} shows that the burn score did not change significantly between the early and later periods after adjustment for TBSA%, age, sex, cause of burn, mortality, satellite referral, and duration of stay for each patient.

###### 

Risk adjusted regression model for mortality over time.
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###### 

Interventional burn score analyzed by time period.
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4. Discussion
=============

We have analyzed 16 years' burn scores recorded daily from our burn center, which were used both clinically and as a reference for billing patients. We found a significant decline in risk-adjusted mortality by more than 50% without extra use of resources.

In 1949, Bull and Squire^\[[@R1]\]^ suggested that the advantages in survival seen then could be attributed to advances in multiple medical treatments that had been introduced since the 1920 s, rather than to a single drug, and they anticipated that improved methods of treatment would further improve survival after burns. More recent studies have shown a decline in mortality that is probably the result of the implementation of several new techniques such as mechanical ventilation, aggressive excision of wounds, and the employment of full-time burn surgeons.^\[[@R19],[@R20]\]^

Besides early excision of burns, other authors have attributed the decline in mortality to the team approach to burn care under the supervision of senior surgeons.^\[[@R21]\]^ We had no clear delineation between the 2 study periods. The team approach was refined continuously over time with regular multidisciplinary meetings in addition to surgical management, which was directed to staged excisions.

To increase survival, more resources are usually required until you reach a certain point of design, equipment, protocols, and experience of staff. It is then about improving staff knowledge and implementing more efficient protocols. Patients with severe burns who survive require many resources because they are in hospital for a long time, and patients who die soon after admission require less.

The analysis was focused on whether more daily resources were required to increase survival. The results showed no change in the daily use of resources, and the cumulative use was slightly but not significantly higher. This tendency toward higher scores per patient is probably the result of increased survival among patients with larger TBSA% and therefore longer hospital stays compared with similar burns in the past. This is in line with the common concept that costs are increasing as more people survive major injuries.^\[[@R22]\]^ We found increasing burn scores with increasing TBSA% among survivors, whereas the reverse was evident among those who died. This pattern has previously been described among similar TBSA% groups when using the "diagnosis-related groups" system.^\[[@R23]\]^

The importance of the present study was to compare mortality and quantitate resources between 2 periods during which the techniques used were similar but the staff probably became more experienced over time. This could raise the prospect of investing more in upgrading knowledge and developing skills among the staff. New treatment plans would also improve the overall outcome, including shorter duration of hospital stay, which would reduce the hospital\'s charges. This approach could be applicable to other specialties as well, such as general surgery and intensive care.

4.1. Limitations of the study
-----------------------------

We did not evaluate how much staff learned, as there are no records of the courses taken and the continuous increase in knowledge and skills. The burn score measures the resources used for each patient regardless of the quality of treatment given, while outcome measures such as mortality depend on both quantitative resources and the quality of practice. The aim of the present study was not to examine the factors behind the decline in mortality.

The single-center approach is always a limitation, and it is possible that more patients could have given different results.

5. Conclusion
=============

Mortality decreased without an increase in the daily use of resources as measured by the interventional burn score. The data suggest that the improvements in quality have been achieved within our present multidisciplinary/safety-orientated routines for the care of patients.
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